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THE KINETICS OF THE RESORPTION PROCESS IN OSTEONAL 
REMODELING OF DIABETIC RIBS 
HiDE.yKi TAKAH.\SHI, M.D. AND HAROLD M . FROST, M.D. 
INTRODUCTION 
1 Ki R AND FROST' have shown lhal a kinelic curve can be obtained for the new 
si ondary osteon formation process by measuring cross scclional areas of Haversian 
c lals of actively forming osteons, arraying the data according to size and then 
performing a time domain translorm;ition on Ihem. The curve thus obtained plots 
the part of the average osteon th;il is completed against the corresponding part of 
its tolal formation time that has elapsed. Kelin and Frost' have shown that a 
Sl nilar curve can be obtained from measurements of the circunderences of the inner 
walls of osteoid seams (which accompany and identify actively formating new 
I' Icons). Villanueva and Frost' have shown that a kinetic curve for the average, 
individual resorption process can be obtained by applying similar data reduction 
methods to circumferences of resorplion spaces. Unlike Ihe curves for the production 
new osteonal bone matrix, they found that the shape of the kinetic curve which 
describes the resorption processes (that precede new osteon formation) is variable 
in an age-dependent manner and to a significant degree. Ilnicki, Kelin and Frost* 
h.ive shown lhat the shape of the kinetic curve of new osteon formalion is not 
licieelabl) abnormal in patients with diabetes mellitus when curves obtained by 
either the cross section area, or the circumference, methods are compared with 
previously determined norms. This was true in spite of a greater than three-fold 
increase in the absolute length of time that is required to form the average osteon 
in the adult diabetic subject, as found by Landeros and Frost.' 
These authors also showed that the average time taken to complete the resorption 
process that must precede the manufacture of a new secondary osteon is more than 
three times longer in the diabetic than in the age-comparable normal subjecl. This 
suggested that the kinetics of the resorption process might be abnormal in some way 
in diabetic subjects, and led to the present study in which Ihcse kinetics are defined 
in a manner that is comparable to previous reports. 
MATERIALS AND METHODS 
Materials: 
The material consisted of the mid-diaphysis of the 5lh, 6lh or 7lh ribs from 32 diabelic 
palienls, obtained either at aulopsy or at thoracolomy. The age of these patients ranged 
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from 29 to 82 years, and their mean age is 57 years. Most of them were treated with 
insulin or tolbutamide al the time of death or surgery, and it was considered that thei, 
diabetes mellitus was well controlled. Twenty-seven of the cases were collected al the lime 
of post mortum examination. Causes of dealh included Ihose which one can expect in lb 
general hospital populalion: myocardial infarction, acule elhyl alcohol intoxication, pneu-
monia, c.irdi.ic f.iilure. ren.il failure, auto accident, etc. We wish to thank Drs. R. H. Horn 
and G. l ine for making lhis material available to us. The remaining five cases were sample. 1 
at the time of elective thoracotomy. The indication for surgery was a milral commissurolom 
or biopsy of the lung. The cases which were used for this sludy are summarized in Table I . 
\lclli<ids 
I resh. mineralized, unembedded. hydrated. and complete cross sections were employed 
in this study, an average of two per case.' The sections were stained w ith 1 per cent alcohi I 
basic fuchsin.' The thickness of the seelions ranged from 50 lo 75 micra. The ribs were cut 
perpendicularly to their longitudinal axes with an accuracy of plus or minus 5°. 
Resorption spaces are easily recognized in seelions made in this way. They were idenlified 
under iiiediiim power 18l)X) light microscopy by the presence of concavities or scalloping 
on the walls of the Haversian canals. See Figure I . These concavities are called Howships 
lacunae, and are believed lo be made by osteoclasts.' 
In this sludy we measured, in an optical section, the length of the eirciimferenee of 
resorplion spaces which lay entirely wiihin the cortex. We excluded from the study the 
surt.ices of pellosieiini. endosleum and Volkmann's canals. The measuremenls were made 
wilh a Zeiss inlegraling eyepiece I I . as previously described.' " working at 344X. Because 
of the gi.iin of lamellar bone, and because of the principles on which optical sectioniin; 
iiieiliiKK ;ire b.ised. Ihe average resorption space eirciimferenee is identical to its average 
surface area in one mm. thick cross sections. 
Rtsi 1 I s 
Four hundred resorption spaces were examined in the cross sections of the 32 
diabelic patients. The largest measured resorplion surlaee area was 2.67mm' (i.e., 
eircumlerence 2.f)7mm). and lhe smallest was .()39mm' (i.e., circumference .039mm' 
lhe .iriihmelic mean area of all 400 resorplion spaces was 0.3Umim.' Of the 400 
resorption surfaces, 391 (97.X per cent) were smaller than 1.066mm'. A frequency 
ilisiriutioii ol resorption surfaces is summarized in Table 11. A curve was constructed 
Irom a Irequency-io-iime domain translorm;ilion of lhis da la , "*" which shows the 
evolution ol the average resorplion sp.ice (V-. i \ is) plolted against the time taken 
to make it (X-axis), .See I igure 2. An age-comparable normal curve is included for 
comparison.* Figure 2 was conslriicled withoui consideration of the value of the 
absolute time which needed for the completion cf the resorplion space. 
Table I 
(A) Age of palienls (B) Sex of palienls 
D c . i . l i - Number of cases Sex 
20s 1 Male 
30s 4 I-emalc 
40t 3 
SOt 9 
6011 8 
70s 5 
80s 2 
Tolal 32 
Number of cases 
18 
14 
•Normal irs.npin.n kinclic curve in Ihc ligure 2 b.ised Ihe measurement by Villanueva and Frosl'. 
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Figure 1 
Mineralized cross seciion of human cortical bone, at about 300X. A resorplion space is shown in 
lhc figure. The circumference of this resorplion space was measured, using a melhod cited in 
references' 
DISCUSSION 
The curve of the 32 diabetic subjects in Figure 2 is significantly different from 
lhat of age comparable nondiabelic subjects. The meaning of this curve, from 
the standpoint of what the microscopist sees when he looks at diabetic cortical bone, 
is that one seldom sees fully developed resorption spaces in cortical bone from 
patients with this disease, provided the subjects were free of severe chronic illnesses 
other than their diabetes. It has been observed in this laboratory for over 10 years 
that in this respect the cortical bone of 30-year-old normal subjects (who usually 
have very low rates of internal remodeling) looks very like that of 60-year-old 
diabetics. 
It is possibly significant that the curve for the diabetic subjects has the same 
general shape as, and resembles, the normal 30-year-oId curve. The curve of the 
diabetic subjects in other words is not unique, and is abnormal only wilh respect 
lo age-comparable normals. This could mean that the biochemical apparatus involved 
in resorption in the diabetic subject is normal in kind, but is driven al an abnormal 
rate with respect to age-comparable standards. 
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lable I I 
DIABETES MELLITUS 
Mean 
Size of resorplion spaces (mm) 
Range No. 
Absolule 
ratio 
Frequency 
Cumulative 
ratio 
0.058 0.014 — 0.102 48 0.123 0.123 
0.146 0.103 — 0.190 101 0.258 0.381 
0.234 0.I9I — 0.277 89 0.228 0.609 
0.321 0.278 — 0.365 48 0.123 0.732 
0.409 0.366 — 0.452 37 0.094 0.826 
0.496 0.453 — 0.540 21 0.054 0.880 
0.584 0.541 — 0.628 16 ().(I41 0.921 
0.672 0.629 — 0.715 16 0.041 0.962 
0.759 0.716 — 0.803 8 0,020 0.982 
0.847 0.804 — 0.890 4 0.010 0.992 
0.934 0.891 — 0.978 1 0.003 0.995 
1.022 0.979 — 1.066 2 0.005 1.000 
I.no 1.067 — 1.153 : 0.005 1.005 
1.197 1.154 — I.24I 1 0.0111 1.008 
1.285 1.242 — 1.328 1 O.Otll 1.011 
1.372 1.329 — I.4I6 0 LOI I 
1.460 1.417 — 1.504 2 0.005 1.016 
1.548 1.505 — 1.591 1 0.003 I.0I9 
1.635 0 
1.723 0 
I.8I0 0 
1.898 0 
1.986 0 
2.073 0 
2.I6I 0 
2.248 0 
2 336 2.293 — 2.380 I 0.003 1.022 
2.424 0 
2.511 0 
2.599 0 
; 643 — 2.730 I 0.003 1.025 
2.774 0 
Tool 400 
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The meaning of the two curves in Figure 2 is partially concc;iled by the dimen-
sionless nature of the X axis, which plots as unity the total lime taken to lorm 
the individual resorption space. The absolute measure of this time could as well 
be one day (as is believed by some) or one year, Ihe normal and the diabetic 
curves can be compared on a graph in which the X axis is plotted in absolule 
measure, making use of already published data, and of a simple but valuable 
property of osteonal remodeling of cortical bone. This property will be described 
next. 
A new osteon cannot be deposited inside of cortical bone until a hole (i.e.. a 
nsorption space) has been prep;ired for it. The reason is the compelling one lhal 
two solids cannot be in the same place sinuillaneously. lhis basic fact means that 
in cortical bone, in the steady stale (which existed in bolh our normal and diabetic 
groups of subjects), the same number of new resorption spaces are started per year 
as of actively forming new osteons. If this were not the case ihcre are only two 
I.O-i 
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Figure 2 
A resorption kinetic curve, dimensionless, constructed from the arrayed dala Table I I . The (X) 
axis reveals the time domain transformalion, and the (Y) axis shows the size-range of the resorp-
lion-spaec circumferences. Another curve, the normal fifties, was constructed from Table I I I ol 
the cited reference.' There is a significant difference between the diabetic and ihc age-comparable 
normal subjects. Their differences ai lhe peak arc significant below ihc P<.01 level. 
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alternative possibilities. (1) Either more new osteons are started per year than 
resorption spaces, which is impossible for the reason given previously, or (2) mere 
resorption spaces than new osteons are started. In the latter case the inspection of 
cortical bone form otherwise healthy diabetics reveals that this does not occur, 
because it is not any more porous than in young people. Therefore, given the 
steady slate, in o.steonal remodeling of cortical bone as many resorplion spaces as 
new osteons are started per year. 
Given the above, if in a given bone it took twice as long to make a resorpti in 
space as it took to fill it up with a new osteon, it can be shown that twice as ma n 
resorption spaces as actively forming osteons will be found in this bone. Or, if it 
took only half as long lo make the resorpliim space as the osteon, Ihcre would only 
be half as many resorption spaces as actively forming osteons." 
The pattern in the above can be seen: granted that equal numbers are started 
per year, then the ratio of numbers of resorption spaces to numbers of actively 
lorming new osteons in cortical bone is the ratio of the lengths of time 
I.iken to form each. 1 he numerical value of ihis ratio in both normal and 
iliabelic bone can be obtained by using values published elsewhere. At the 
group mean age of 55.1, the number of osteoid seams per mm' of cortical 
bone in ribs from normal subjects is 0.36;" and for resorption spaces per mm' it 
is 0.43." Age-comparable values for the diabetic subjects are 0.22 seams per mm' 
and 0.38 resorption spaces per mm'." Dividing the number of resorption spaces by 
the number of seams gives the ratio 1.2 for normal, and 1.73 for diabetic subjects. 
Ihus. it lakes the diabetic subject 1.73 times longer to make a new resorption 
space Ihan it takes him to form a new osieon. If it can be determined how long it 
I.ikes to ni.ikc .1 diabetic osteon, ihen il can be found how long il takes to make 
the diabelic resorption space; and similarly with normal subjects. The data necessary 
for this arc also available. 
Table 111 
TIME DOMAIN TRANSFORMATION 
Mean size 
of resorplion 
spaces (mm) 
Diabetes mellilus 
Cumulative 
ratio 
l ) . l \ s 
Normal* 
Cumuladve 
ratio 
D.iys 
0.0S8 (1 121 72 0.054 7 
0.146 0.381 223 0.180 22 
0.214 0609 356 0.344 42 
0 321 0.732 428 0.484 59 
0.409 0.826 483 0.626 76 
0.496 0.880 515 0.715 87 
0.S84 0.921 539 0.826 101 
0.672 0.962 563 0.887 108 
0.759 0.982 574 0.933 114 
0.S47 0.W2 580 0.960 117 
0.934 0.995 582 0.980 120 
1.022 LOOO 585 1.000 122 
•From reference (3) . 
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Frost has shown that in normal ribs it takes about 80 days to make a new 
osteon." Landeros and Frost" have shown that it takes about 280 days to make 
a diabetic osteon, and that osteons are the same size in nondiabelic and in diabetic 
subjects. Both of these calculations were based on measuring the thickness of 
tetracycline markers deposited in vivo in the skeletons of the subjects, usually many 
months prior to the time of skeletal sampling at autopsy or thoracotomy. 
Equation (6.08) in the cited reference" says that the time taken to make a 
resorption space in cortical bone in the presence of the steady state is proportional 
to the resorption space count (Ar) multiplied by the actual formalion time of the 
osteon (Of), and is inversely proportional to the osteoid seam count ( A f ) . Or, in 
syn hols. 
OfAr 
A f 
(6.08) 
Suhstituting the values of A^ = 0.3845 and Of = 280 in the numeiator, and Af = 
0.2223 in the divisior the result of 300 days is obtained for the time taken to make 
I.On 
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nn ni 
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0.2-
y 
7 
i 
I 
y 
V 
o 
o 
V Normal f i f t i es 
O Diabetes Mellitus 
— I 1 1 1 1 — 
72 122 200 300 4 0 0 
TIME IN DAYS 
500 585 
Figure 3 
The normal and diabelic curves were constructed after calculating lhe actual time needed for the 
complete evolution of lhe average resorption space. The difference is remarkable. The resorption 
lime in diabetes is 585 days, although the time in normal cases is 122 days (see text). 
NOTE: we apologize ofr a numerical error in the X axis of figure 3. The diabetic curve should 
end at 300, rather than 585, days. This error docs not affect the conclusions of the sludy 
however. 
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the average diabetic resorption space." A value of 122 days is obtained for normal 
subjects. 
It IS now possible to plot the kinetic curve of the nondiabelic and diabetic 
resorplion space together to obtain a graphic and absolute comparison of the two 
processes. This is shown in Figure 3. which reveals that there is a profound dis-
turbance in the individual bone resorption process in the diabetic subject. It is 
inipori.int to observe thai Ihis dislurbance seems to be purely kinetic. In this resp.ct 
wc have been unable so far to find any abnormality in kind in the chemical, histo-
chemical. optical or mineralization properties of the bone matrix in diabetic bone, 
l urihermore. the thickness and separation of the isotropic and anisotropic lamell ic. 
the cross section sizes and the distribution of different sizes of osteons in diabe'.es 
.ippear to be normal. There is an unusual amount of homogeneous iron in the 
osteoid seams of most diabetics, bul we believe Ihis too is a result of disturbed 
kinelics. W'e interpret these facts to mean that some modes of cell dynamic behavior 
.ire ahiioriii.il in diabetes (nole thai ihese were considered to be well controlled 
diabetics, suggesting lhal lhe disorder shown here has little to do with the functions 
of insulin or glucose transport across membranes), while others seem to beh.ve 
in an invariant manner, .ind seem to he peculiarly immune to the adverse affects 
of being a diabelic. The abnormalities wc have delected so far in diabetic bone 
seem lo involve rales, and nol lhe nature of Ihe chemical product, which alw.iys 
seems to be normal in kiniL 
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